INTRODUCfION
We are concerned with factor/farmer relationships. In the rural production nexus, land is the primary factor of production which determines access to other factors. This bias is reflected in the varying use and combinations of inputs across farm size -that is differing technology. Debate focusses around the question: does productivity then vary in accordance with the pre-eminent factor, farm size.
The question acquires importance for underdeveloped countries especially, (as seen by the considerable literature on the topic) since most empirical studies began showing that smaller farms using their greater availability of family labour were more productive. Since a critical demand for food necessitates a rational reallocation of factor resources in this dominant sector so as to maximise output, the argument for land reforms then becomes obvious. Further, the hold of large landowners on the factor markets must also be broken, not only to rationalize output, but also to rationalize inputs.
Significantly, very little work has been done in Pakistan on this issue, and the major work (to our knowledge) by Khan shows a positive correlation between land productivity and farm size [9] . In this paper, using a larger data-base, we obtain a very different set of results for the 19 districts of the Punjab. In doing this, we also try to explain the speciousnessof Khan's tests.
*The authors are Research Economists at the Pakistan Institute of Development Economics, Islamabad (Pakistan). They would like to thank Kalbe Abbas and Asmat Fatima for tabulating and coding a large proportion of the data; Rafiq Safdar for typing out the manuscript; and finally, Shehzad Latif Mian with whom they held numerous discussions over tea and t -tests. The inverse relationship between farm size and land productivity was first brought out by a number of farm-management studies carried out in India in the mid -'50s. Small farms appeared to be using more intensive inputs per acre and had a higher output per acre. This ran contrary to the expectation that differential access to inputs and information should result in a lower output per acre for the smaller farms.
The ex-post rationale provided for this was that farmers were maximising their use of those inputs with which they were better endowed [11] . For smaller farms, this means more intensive labour inputs per acre. Secondly, Srinivasan [12] pointed out that smaller farmers maximizing the expected utility of income, and averse to risk (given their marginal subsistence conditions), would tend to use more intensive inputs per acre regardless of labour market assumptions. Further, the level of use of capital inputs, like seeds, fertilizer, pesticides, and tractors is very largely contingent upon irrigation [10] . The causal relationship in effect depends upon three major factors:
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The use of labour;
Historically available irrigation; and Cropping intensity.
Irrigation
Most authors find larger proportions of the area irrigated on smaller farms, which may be explained by a number of factors. Theories about historically available irrigation suggest population dynamics and viability of relatively smaller farm sizes in irrigated regions as two such possible factors [11] . Immediate production rationales, contend that small farmers' aversion to risk would drive them to
Useof Labour
The marginal productivity of labour in general was found to be higher than the wage rate [2; 9] . Further, the rural labour market is divided between family labour and hired labour. The implicit wage rates of the former are found to be lower than the wage rates of the latter [2;"3; 11 and 12] . This duality is preserved by institutional restrictions (like the reluctance of women and children to join the labour market) and, more importantly, by the indivisibility of labour demand, especially at harvesting and sowing, when full time hired labour can be controlled better than part -time hired labour, since part -time labour has its own cultivation demands. So small farmers have a cheaper input whose use they can maximise. Figure 1 illustrates the compulsion of small farmers (with extremely low levels of income) to increase their use of family labour till its marginal productivity falls well below the market wage rate, in order to maximise output. Moreover, intensive labour use by smaller farmers would also facilitate higher cropping intensities.
(a) pay an increment in rent for irrigated land equal to, or greater than, productivity differentials, to avoid an even more expensive crop failure; and (b) maintain better irrigation facilities, Bharadwaj, for example, found the ratio of differences in output between irrigated and un irrigated farms and the differences in costs between irrigated and unirrigated farms to be less than 1; i.e. 6. Output < 1
Costs
This is especially true for the smaller farms.
Landlords on the other hand, would' prefer to parcel out irrigated land to tenants in small fragments, thus forcing the latter to cultivate intensively and maximise returns and, hence, the landlords' share.
Cropping Intensity
The coincidence of higher uses of both labour and irrigation levels on a particular set of farms would definitely raise the probability of their having higher cropping intensities.
Variations in Results Between
Countries
Tenancy
The main argument against tenancy is that since some proportion of the tenant's output is 'taxed' by the landlord, the tenant's value of the marginal product lies below that of the land -owners. Given equal costs, the profit -maximising tenant will equate his costs to his marginal product at a lower level of inputs than the land-owners as is shown in Fig. 2 , where owners' use of input equalling OF exceeds significantly that of the tenants equallying OE. Therefore, output per acre will be less for tenants. See Bardhan [2] , Srinivasan [12] , Cheung [6] and Junankar [8] .
The empirical studies surveyed relate to three regions: Bangladesh, India and Pakistan. Hussain [7] showsa very significantnegative correlation between farm size and productivity for Bangladesh. Bardhan [2] , Bhagwati and Chakravarti [1] , Bharadwaj [3] , and Bhattacharya and Saini [4] show a weaker, though still negative, correlation for Indian farms. Khan [9] alone, from amongst the sample of the literature surveyed, shows a positive relationship for Pakistan. The differing production conditions in each region relate to the different forms and stages of the development of factor markets, the obtaining geographicalconditions, and the levels of traditional technology. Hussain's conceptual framework [7] aptly identifies the main determinants of input use and the effect of input use on the output as (i) relative resource position; and (ii) allowable substitution. It is, in fact, the second factor, viz substitutability, which seemsto explain the variation in the results for the three different regions. The case of Bangladeshis an extreme example where the use of labour can be varied, primarily through more intensive cultivation and choice of labour-intensive crops, while the use of capital is low, since the seed/land ratio is fixed, tubewells are rendered useless in monsoons, and fertilizer becomes ineffective without controlled water. Therefore, total resource use per unit of land would be higher on the smaller and better labourendowed farms, and consequently productivity will be higher.
For India and Pakistan, capital technology appears better adapted to the geographical environment, i.e. substitution possibilities between capital and labour are higher. Giventhe initial resource advantage of larger farmers, their total resource use and, so, productivity would be higher compared to those of the small farmers.
Evidence for Pakistan Khan [9] , contrary to all other area studies, finds that large farms (over 25 acres) are 9 percent more productive than smaller farms. His explanation is that while the smaller farms use more household labour and farm power, this might be less efficient than the greater use of hired labour and tractors on the larger farms. The Pakistani agricultural sector then appears to have the highest capital/labour substitution possibilities so that a positive productivity effect is being evidenced across farm size.
But we maintain that the primary dichotomy between the results for India and Pakistan still remains to be explained and we will present somewhat different results for the West Punjab. However, a bias must be noted in Khan's data set: all the 732
Fig.2
The insecurity of tenure is likely to reduce the incentives for a tenant to make important labour increments such as improving drainage etc. which complement other inputs. So, despite a similar level of the use of inputs, productivity per acre might still differ. Junankar [8] , using a Cobb-Douglas production function, finds support for the hypothesis that tenants use less inputs but with one reservation. He finds that output per acre is negatively correlated to the proportion of the area leased in, but only on the larger farms, i.e. those greater than 10 acres. Chakravarty and Rudra [5] , in contrast, found this hypothesis relevant only to smaller farms. farms were irrigated. This implies a bias towards intensive use of capital like seeds, and fertilizer, since water facilitates this, and the initial resource position of the larger farmers would ensure their input advantage. Because Khan does not do an input variation test, it becomes difficult to prove that due to capital/labour substitution possibility, a positive productivity effect is being evidenced across farm size.
THE DATA AND THE VARIABLES
For this study, we rely primarily on two of the largest availablesources of agricultural data in Pakistan, viz. the Agricultural Census for the year 1972 and the Rural Credit Survey for the same year. The former is the only organised institutional attempt at gathering information on the rural sector decennially. Although extensive information indexed by farm size and by district is available for inputs of all kinds, the major flaw in the data set is the total absence of output figures. The Rural Credit Survey allowed us to circumvent this problem. This survey was conducted in the same year as the census on an almost similar scale. Further, the data were amplified to a census level, making the two sources complementary.
Unfortunately, we have only aggregate information for 19 districts of the Punjab and for five farm sizes within these districts. So, for each farm size we have district aggregates. The loss of disaggregation therefore is a drawback. Ideally, one would have wanted to pull out a sample of individual observations from these large data sources, and subjected that to a closer examination.
For the present exercise, however, we have enough information from the two data sources, which are comparable in terms of both size and timing of data collection. The productivity figures from the Rural Credit Survey for all the farm sizes and the districts enabled us to get output figures for the Agricultural Census input figures. (b) Area fertilized as a proportion of total cropped area.
Two definitions oflabour were used:
(a) As a simple aggregateof the number of family workers over 10 years and permanently hired workers, per cultivated acre. Total expenditure on current farm inputs in one year, per cultivated acre.
Total area cropped in the year, divided by total cultivated area 1. < 5 acres 2. 5 -12.5 acres 3. 12.5 -25 acres 4. 25 -50 acres We will be using a variant of the standard Cobb-Douglasproduction function, where the value of total output is regressed on the per acre usage of inputs and the cultivated acreage.
> 50 acres District Dummies
Regional variation was allowed for by grouping the 19 districts into three categories on the basis of canal irrigated area as a proportion of total irrigated area. n X.
In Y = a + a l In X I + :2: ai In~+ u. Often, in the measure of productivity, cropped acreage is used in the denominator. If small farms, as generally observed, tend to crop more intensively, then such a measure is likely to understate the inverse relationship between productivity and farm size. Cultivated acreage is therefore the more appropriate variable to use.
Institutional variables which are liable to explain or affect the production of agricultural output are also used. These are cropping intensity, the number of fragments per cultivated acre and the percentage of the area tenanted. The expected signs of the coefficients of these variablesin the production function are positive for the first and negative for the remaining two.
Ideally, within a region farmers should have the same production function. However, as pointed out in the section above, owing to resource constraints, differences in the levels of education and knowledge, etc., different farm sizes may be operating on different production functions. The frontiers may differ either because of the shift in the production function or because of the differences in slope. We may write the two relationships for small and large farms as *Variables drawn from the Rural Credit Survey were taken per acre and standardized for the appropriate acreage in the Agricultural Census.
An analysis of the determinants of productivity has important policy implications. The correlation of farm size to productivity points to an optimum size of the farm towards which policy should be directed. Land reform policies are thus not only desirable for their distributive objectives, but also for the increase in output that such a redistribution is likely to result in. Reasons for such increasesin output have already been outlined above.
The given price incentives determine the cropping pattern on the farm, yields being then determined by individual production functions. From the social point of view, the maximisation of the value of total output on each farm is the objective. Obviously, market imperfections can distort both the price incentives and the technological parameters, the consequence being a social loss in the form of less than optimal out put. For our study we have allowed for variations in prices according to the farm size. Thus, given any market distortions that might exist in the output market, we can look at the optimisation process of the farmer.
We will be using a two -stage argument to determine the causality of productivity differentials. Firstly, we will use production functions to estimate the importance or priority that different variables have in determining output for each farm size. Secondly, we will try to determine exact input use across farm size through simple log-linear regressions. Complementarity between impact and usage should provide some explanation for differences in output per acre between farm sizes. Mahmood and Nadeem-ul-Haque The principal flaw in Khan's analysis [9] is that he introduces a dummy variable for farm size in his Cobb-Douglasproduction function to conclude a positive relationship between farm size and productivity. This methodology is inappropriate for deriving the stated conclusion because, as shown later, the result obtained is not a productivity differential but an output differential between large and small farms. What is relevant and needs to be stressed is the simple correlation between farm size and productivity. This correlation exercise assumes that all individual optimisation decisions have been made. For policy purposes also, this simple correlation is what is important. There is no way of holding the inputs and the market structure constant across farm size. Hence, to attempt to measure productivity differentials, holding all other inputs constant, is, firstly, not desirable and, secondly, not feasible.
Limitations of the Analysis
As is obvious by now, our analysis suffers from its being in grouped form. The problem at hand is likely to be handled best with individual data. If anything, our study can only underline the need for a deeper analysis based on individual data.
Census data in the country are normally not the best in quality. Thus any doubts on the quality of the data are also likely to reflect on the results of our analysis. Because of this doubt about the quality of the data, we have tried not to push the data too hard. No elaborate estimations are being indulged in. Again, not much analysis of the input markets is being attempted.
RESULTS
This section has been divided into three parts. In the first part we will discuss the evidence for land productivity in the Punjab, and its components. In the second part, we will analyze input/output relationships, estimating production functions, both for individual farm sizes and in an aggregated form. And in the third part we will examine the negative relationship between farm size and output per acre to establish some kind of causality.
We have calculated the value of annual aggregate output per cultivated acre for five farm sizes across the 19 districts of the Punjab. As Table I shows, the productivity curve has a defmite U shape across farm size. That is, with the possible exception of one district, viz. Sialkot, nowhere do the middle farm sizes (Le. sizes Nos. 3 and 4) have a higher productivity than either the smallest or the largest farm sizes.
As a preliminary test, the 95 observations (19 for each of the 5 farm sizes) for productivity were cross-tabulated according to farm-size category and level of productivity (Table 2) . Rs. 200 to Rs.400
Rs. 400 and above
The values in each box represent the number of observations. A X2 (chi-squared) value of 18.09 shows the significance of the observed pattern at a 0.975 -level of probability.
Finally, to confirm the U shape of the productivity curve, we decreased the number of farm-size categories to three: small farms (less than 12.5 acres) medium farms (between 12.5 and 50 .0 acres), and the large farms (over 50 .0 acres) (Table 3) . Since we wish to show that 1. output/cultivated acre on medium farms is significantly lower than on small farms and large farms, and differentials might also exist between small and large farms, in favour of the smaller farms, 2.
we ran paired t-test, and obtained the followingresults.
Source: The Rural Credit Survey carried out by the State Bank of Pakistan in 1973, currently being prepared for publication with the collaboration of the Pakistan Institute of Development Economics, Islamabad. Both small and large farms were found to have significantly higher productivity levels than medium farms. But productivity differential were not found to be significant between small and large farms. That is, the U curve holds. So, in the Punjab, the middle-range farmers are not the most productive, and the Green Revolution, even where it has been most pervasivein the central canal-colony districts, has not produced the alleged efficient middle-class farmer. In comparing the two ends of the U, representing the small and large farmers, we will report further tests ahead. Here we will just note the inconclusive result of the test. We alSonote that in 11 out of 19 districts small farms have a higher productivity level.
Mahmood and Nadeem-ul-Haque
We also performed t-tests using a different measure of productivity this time, that is Output/Cropped Acre. The productivity per cropped acre is reported in Tables 4 and 5 . The pair-wisedifference of the means test is reported below:
The difference between the productivities of small and medium farms and those of medium and large farms remains, but the t -ratio for small and large farms increases. The U-shaped curve still persists and there is a dampening out of any negative relationship between farm size and productivity that may have existed, because smaller farms tend to have higher cropping intensities.
In comparing productivity differentials, land productivity can be broken down into severalcomponents as under! :
Physical Output status. It can be argued that in comparing productivity differentials, the cropping pattern should not be controlled, since it reflects the social choice/compulsion to grow a particular crop. However, in view of its importance as an explanatory variable, we will first of all briefly test for variations in the cropping patterns across farm size, and in the next two sections analyze the determinants of output and cropping intensity. Table 6 shows that the proportion of area under wheat and rice tends to fall slightly as the farm size increases. Conversely, the proportion of area under the major crop, cotton, on the largest farms is almost double that on the smallest farms. To test whether small farms tend to grow a larger proportion of food crops, out of necessity as well as a disinclination to enter a market which is biased against peasants who have a weaker economic position [3], we tried and analysis of variance of the Of these components, we will assume cultivated area to be exogenously determined. Physical output is contingent upon the level and combination of the inputs used. Price here reflects the differences in values of different crops, i.e. value differentials in the cropping pattern which might be found to vary across farm size and tenurial aThe total cropped area used for this table is net of pulses, fodder crops, and orchards, resulting in the high crop proportions.°F arm Sizes are the same as given in Table 1. proportion of food crops grown across farm size for the full sample of 19 districts, but the differences turn out to be insignificant. We then performed a chi-square test, based on the sample means of 19 districts shown in Table 6 , for the area proportions of all the seven crops. The X2 value of 13.52 with 24 degrees of freedom was also found to be totally insignificant; i.e. the proportion of area under each crop did not seem to vary with the farm size. What these two tests show, however, is that no simple bias exists in the cropping pattern that can be picked up by using such aggregativeand incomplete data. There are two aspects to this pricing component of productivity; viz. more lucrative crops and differentials in prices for the same crop.
We have not been able to adequately test the first aspect. The bias might well involve food-cum-cash crops like pulses, whose incidence is higher on small farms, and for which we have no data. Moreover, the bias definitely involvestenurial status with its host of clauses and conditions varying across regions; typically, sharecropping might inhibit the growing of cash crops by blunting incentives, while a f!Xed-rent lease might facilitate it.
Secondly, intra -crop price differentials across farm size or tenancy status would tend to affect output decisions, i.e. smaller farmers or share-croppers with a weaker bargainingposition might choose to minimise market involvement by growing less cash crops. But, as pointed out earlier, price differences also reflect the social return to each group of farmers. So, for the purpose of this analysis, we will assume that our limited tests hold, and that it is possible to compare the aggregatevalue of productivity across farm size without a price bias affecting our analysis. 
We will now use aggregate and individual farm size production functions tõ
the varying impact of input use on output across farm size;
returns -to -scale effects; and whether different farm sizeshave separate production functions.
Inputs, like current expenditure, and institutional variables, like the tenancy proxy and fragments per acre, were introduced successivelyinto the equations to estimate their impact not only on output, but also on the resultant change in the elasticities of the other independent variables. Table 7 shows the estimates of the full sample aggregateproduction function. Tables 8 and 9 present the results of the separate production functions corresponding to each farm size.
We began by running Equation 1 in Table 7 and Equations 1-5 from Table 8 . For the full sample, only the cultivated area and fertilizer proved to be highly significant and had the expected signs. The irrigation proxy was obviously misspecified, but labour emerges as marginally significantand with the right sign. More important is the fact that between tractors and bullocks, bullocks appear to have a greater impact on output.
A similar trend was obtained for the five farm sizes for the land, irrigation, and fertilizer variables. Canals plus tubewells are only significant for the second farm size and no pattern can be seen. Labour remains totally insignificant throughout, as do seeds. Tractors, however, do follow the expected pattern. They are insignificant and negative for the smaller three farm sizes. For Farm Size 4, they become positive and strongly significant, and for Farm Size 5, the significance dwindles but the coefficient remains positive. In other words, tractors appear to affect output only on the larger farms, to supplement labour. The use of bullocks becomes relatively significant for the second and fourth farm sizes.
Seemingly, this combination of variables does not provide a very adequate explanation of production behaviour across farm size.
For Equation 2 in Table 7 and Equations 6-10 in Table 8 , we used an alternative proxy for irrigation, the proportion of cultivated area irrigated, and dropped tractors, bullocks and seeds for an aggregate annual expenditure variable. Two district dummies were also added to test whether we could usefully differentiate between the input output/relationship of the canal colony districts, the arid/barani districts of the Northern Punjab, and the southern belt of semi-barani districts. Dummies 1 and 2 represent the North and South peripheral districts respectively, based on a criteria of the proportion of canal irrigation to the irrigated area. Finally, an alternative proxy was used for fertilizer. The aggregate production function behaves very well. The sign of the new irrigation variable becomes positive, though still not significant. Fertilizer and labour drop in significance, while the expenditure variable proves to be highly significant. Multicollinearity between fertilizer and expenditure, which shall be discussed later, probably accounts for the drop in the former's significance. The farm size production functions present certain problems. Irrigation is negative for the first four farm sizes and insignificant for the middle three. For the largest farm size (> 50 acres) irrigation is both positive and significant which means that both the availability of water and its use have a considerable impact on output. Since in further specifications this irrigation variable stabilizes, to a positive and significant form for all farm sizes, we can only deduce that the equation in its present form is inadequately specified resulting in the erratic behaviour of a major variable like irrigation (Table 9 ). Fertilized area remains positive and significant for the first four farm sizes, and for the fifth farm size it becomes significantlynegative. Labour remains consistently insignificant for all five farm-size categories. Current expenditure per acre becomes higWy significant for the larger farm sizes, and its effect on output appears to be much greater. (Comparing, say, the second farm size with the fourth and fifth, the B coefficients for the latter two are higher.) Dummy 1 appears to be significantly negative only for the smaller farm sizes -i.e. in these arid districts the smaller farms' productivity per unit of resource use is lower than that of their counterpart farm sizes in the canal-colony districts. So, it would seem that the larger farms make up for their spatial disadvantage with the higher level of expenditure which we havejust seen.
In summary, we have so far tested for the standard input variables and found some indications of input variations across farm size in tractors and investment.
Our data on labour, as experienced in further analysis also, are extremely inadequate, and ipdications of their variation have been sketchy. What can be seen, however, is that larger farms are relying heavily on capital inputs as the significance of labour use dwindles. Wewill now add three new variables to our analysis, the two institutional variables of tenure and fragmentation, and cropping intensity. A priori, tenurial status and the number of fragments per acre are expected to have a negative impact on output, and cropping intensity a positive one.
Equations 3 and 4 in Table 7 and Equations I-lOin Table 9 show the results of the new specifications. Looking at Equation 3, first of all, we note that the standard inputs are all significant and have the expected signs. The proportion of the area leased in to the total farm area is negative but not significant. Fragments per acre appear positive and insignificant. So, these two variables do not appear to have any appreciable impact on output, at least in the aggregate production function. Cropping intensity, on the other hand, is marginally significant and has a positive sign. We have also added one more variable, the average farm size, which appears positive but not significant. It must be noted however that, unlike Khan [9] , we are evaluating the impact of increasing the average farm size on output here, and not an averred estimate of land productivity- .c .c 
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... Table 7 is similar to Equation 3, with the addition of current expenditure. This variable, again, is highly significant, and renders the fertilizer variable negative. The tenurial proxy now also becomes positive, but remains insignificant. For additional information, we can now turn to the farm size production functions in Table 9 .
The coefficients of cultivated area are all positive and highly significant for both sets of Equations 1-5 and Equations 6-10 (Here, also, the only difference between the two sets is the addition of the expenditure variable in Equations 6-10.) We have so far refrained from commenting on the land variable as a value of returns to scale, because the earlier specifications were incomplete. The test of the land coefficient for a significant difference from 1 shows that for Equations 1-5, only farms over 50 acres are experiencing increasing returns to scale, and for Equations 6-10, only Size 3 (Le. 12.5-25 acres) is experiencing decreasing returns to scale. The remaining farm sizes are operating on constant returns to scale. This apparent instability in the results is due to the expenditure variable. Prior to its inclusion, for Equations 1-5, its impact on output is affected through other inputs, and results in the increased efficiency for the largest farmers. Moreover,the middle-farm size, Le. No.3, with the help of current expenditure, also shows constant returns to scale. After adding the expenditure variable, and thus controlling for it, Farm Size 5 loses its advantage and drops back to constant returns, while Farm Size 3 drops further down to significantly decreasing returns to scale. It must also be noted that significance levels for current expenditure are the highest for precisely those two sets of farms whose land elasticities change so radically.
Therefore, using the more appropriately defined set of equations (Nos. 6-10), the enigmatic production behaviour of Farm Size 3 poses itself. In Equation 8, all the explanatory variables, besides fertilizer and labour, have positive and significant elasticities and there are decreasingreturns to scale. Since fertilizer is rendered negative for all farm sizes, the explanation must lie in either the impact of labour, as measured here, or in the form of some kind of labour-utilization factor which constrains efficient input utilization, e.g. maintenance and improvement of land and water courses, or labour management. But what emerges most importantly is that the middle farm sizesare seen to be inefficient now on two counts:
Productivity, Le. output/acre. Returns to scale,2 Le. output/unit of the vector of inputs.
To complete our analysis of the remaining inputs, the irrigation variable is now positive for both sets of regressions, viz. Nos. 1-5 and Nos. 6-10, for all 2While returns to scale is merely a necessary criteria for determining efficiency, but taken in conjunction with I-productivity inefficiency. this becomes a sufficient condition. farm sizes. However, it is not significant for the first set where current expenditure is not included (except for Farm Size 2). In the second set, its significance increases considerably for all farm sizes except the first.3 Tenure in Table 6 for both sets of equations is negative at a significant level for farm sizes 1 and 2; Le. tenure does act as a defmite constraint on increasingoutput for the smaller subsistence-level farmers. For the third farm size, tenure becomes positive at a significant level;Le. farms with a larger proportion of area leased in have a higher output. What seems to be happening is that larger farmers are able to use the advantages that accrue to larger farm size, like easier access to capital and a better bargaining position on the market,4 to outweigh the cost of producing on rented land. Similarly, for Farm Sizes 4 and 5, the fact that the disincentive is not significant means that it is economic for them to produce on rented land. Fragmentation again yields very clear results. labour time, lost in commuting and carrying equipment, seemsto be a problem faced only by the smallest two farm sizesin both Tables  6 and 7 . So, the larger farms manage to overcome the disutility oflost labour time through the greater use of capital equipment. Secondly, the productive value of the soil, Le., inferior or better fragments, must also affect output. So, the second aspect of this result is that larger farmers must manage to acquire better fragments on a market where acquisition of land is biased against the smaller farmers.S For Equations 1-5 in Table 9 , the use of fertilizer is significant only for the smallest and largest farm sizes, Le. their use of fertilizers is more efficient in combination with the use of other inputs, as compared to the middle range of farmers whose coefficients are positive but not significant. For Equations 6-10, a high correlation of -0.97 with current expenditure makes the fertilizer coefficients negative.
The labour coefficients remain insignificant and erratic. Cropping intensity is relatively stable and marginally significantfor Farm Sizes 1 and 2 in both sets of equations. The aberrant behaviour of Farm Size 3, despite its highly significant cropping intensity, was noted earlier. And Farm Sizes4 and 5 get negative and insignificant coefficients in Equations 9 and 10. So, there appears to be a dichotomy between small and large farms in the causal factors for higher output, with the latter groups clearly not relying on cropping intensity.
Farm Size and Productivity Revisited
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In effect, what we have determined through the use of production functions is that (i) Farm Size 3 operates on decreasing returns to scale, while the smaller and larger farmers obtain constant returns to scale;
(ii) Smaller farmers rely on both cropping intensity and effective use of current expenditure;
(iii) The largest farmers use capital inputs to compensate for not only cropping intensities but also the institutional problems of tenure and fragmentation;
(iv) Tenancy and fragmentation are strong disincentives to increasing output for the two smallest farm sizes;and
The use of irrigation on smaller farms and of fertilizer on the largest farms is more effective relative to the middle farm sizes.
To determine whether the five farm sizes operate on separate production functions, we carried out a covariance-of -coefficients analysis. Additive farm size dummies were used to pick up those structural differences between production functions which were not caused by any of the input variables included in the analysis. And multiplicative farm size dummies were used to isolate the causal inputs responsible for differing factor elasticities as well as intercepts. Y = a + aD + <1>' x + r' DX + U 0 I where 3In order to explain this further, we ran one more set of regressions in which the aggregate irrigation variable was dropped for two separate variables of tubewells irrigated area and canal irrigated area proportions. (See Appendix Table 7) . 4If nothing else, just storage and transport problems, the urgent need for liquidity, or previously mortgaged crops compell smaller farmers to sell their crop at once, at the going, depressed harvest time rates. sTable 7 shows similar results for both tenure and fragmentation.
Y is the vector of farm size outputs, and ao is the constant term (and so the intercept of the first farm size);
ai ( Table 10 gives the coefficient vectors. Since ao and <I> represent the constant and slope of the fIrst farm size, the productivity of that farm size is being compared with those of four larger farm sizes(Nos. 2, 3, 4 and 5). As can be seen, none of the additive dummies proved significant. So, there appears to be no structural difference between the production functions. For the multiplicative dummies, the land variable did not seem to account for any difference in production functions. Even though the coefficients of the three larger farm sizes were negative, the difference in slope (and so the difference in impact on output) from the land variable of the first farm size was negligible. Similarly, irrigation appeared insignificant though negative for the three larger farm sizes. Fertilizer, in fact, is the only significant variable in this exercise that puts Farm Sizes 4 and 5 on to higher production functions. Use of labour is marginally significant for farms less than 50.0 acres. Cropping intensity is totally insignificant but negative for farms over 50.0 acres. The expenditure result is the most interesting in that its marginal productivity seems to decrease for the larger farms, and significantly so for the middle range of 25-50 acres.
Thus, inter-farm differentials in the marginal productivities of the main inputs seem to show that Farm Sizes 1,2 and 3 operate on the same production function, while Farm Sizes 4 and 5 lie above them through their use of fertilizer. Since the marginal significance of some of the other variables cannot be ignored in explaining production differentials, we ran the same exercise with only two dummies to see if the trends persisted. Table 11 , a and <IJnow represent Farm Sizes 1 and 2. The productivity of the two smallest farm sizes is compared with that of Farm Sizes 3 and 4 (C2) and Farm size 5 (C3)' The significantvariablesremain the same, and, more importantly, the same pattern persists. The middle farm sizes now emerge as the most inefficient in their use of land, irrigation, labour, and current expenditure. This provides some explanation of our earlier results which showed a V-shaped productivity curve as well as decreasing returns to scale. The use of these inputs by Farm Sizes 3 and 4 may be high, but their impact on output seems to be marginally lower than both the smallest and the largest farm sizes. Moreover,their productivity positions seem to be further exacerbated by the non-availability of complementary input, i.e. irrigation, with the high levels of fertilizer that they use. The largest farm size again has a definite advantage in the use of fertilizer, but is moderated by a much lower cropping intensity relative to the smallest farm sizes. We have tried to identify, for each farm size, the relative priority that inputs and institutional constraints take, in determining their outputs. The assumption, ceteris paribus, must now be dropped to allow for interaction of all the variables, and productivity (as opposed to pure output) and input differentials must be seen as they exist across farm size. The input use so determined, taken in conjunction with the impact of inputs found above, will, we hope, help to establish some kind of causality.
The various measures of productivity and inputs were regressed on the average farm size in a log-linear form. Table 12 reports the results. In testing the standard hypotheses of a linearly negative relationship between farm size and output per cultivated acre, we found that a weak negative correlation does exist. This result is in keeping with the first part of our analysis where a V-shaped productivity curve emerged. Here, we have productivity decreasing somewhere after the smallest farm size ranges, but not continuously, which leaves room to imply an upward trend for the largest farm sizes.
To test this V-shaped productivity curve, we tried fitting a quadratic form to the data, with the following results: This functional form is an improvement over the simple linear form, since the significance of the variables improves considerably and the correct signs appear. However, the R2 still remains very low. Our intuitive explanation is that regional variation within each farm-size range accounts for the loose fit. This result in any case is in contrast to that of Khan [9] who simply uses two farm size dummies « 25 acres and> 25 acres) to show that large farms are 8 percent more productive than small farms.
We have two points of criticism of Khan's methodology, and, so, of the positive correlation result: R2 F 1. Additive dummies can be used to infer land productivity differentials only if equivalent units of land are assumed under the production 2. The result of defining just two dummies « 25 and> 25 acres) leads to an over-aggregation problem. The third farm size (12.5-25 acres) is incorrectly categorized with Farm Sizes 1 and 2, when the latter's productivity performance (according to our analysis and our data) is distinctly better. This aggregated and, so, considerably lowered productivity for farms less than 25 acres leads Khan's analysis a positive relationship with farm size. More importantly, it causes him to overlook the U-shaped curve which definitely warrants examination.
function. Theoretically, this seems feasible since, in the estimated form, all inputs including land are held constant. So, if a positive coefficient for the farm-size dummy is found at a significant level, this intercept difference divided by the common acreage will yield a land-productivity differential. However, this exercise is rendered invalid by the fact that land cannot be held constant if mutually exclusiveland dummies are being used. That is, the line of least fit is being extrapolated for large farms into the small farm-size range where they do not exist. Similarly, the small-farms regression-line is being extended to the larger farm-size range where they do not exist, to plot an output differential for all acreages. So, the shape of the estimated production function is not like the one given in Fig. 3A , representing Khan's derivation, but like that shown in Fig. 3B . The production function is rendered discontinuous by the farm-size dummy, and it is not possibleto derive output differentials with respect to land using this technique. Returning back to input use across farm size in Table 11 , the irrigation variable is negative but insignificant. Most importantly, however, both the proxies for labour show a very strong negative correlation with farm size. Tractors, bullocks and seeds, too, carried the expected signs. Table 14 shows the results of regressing cropping intensity on the various inputs. Farm size here shows a very strong negative correlation to cropping intensity, i.e. smaller farms do have a significantly higher cropping intensity which largely accounts for their higher output per cultivated acre. The other inputs are positive as expected, except labour and bullocks.
POLICY IMPLICATIONS
The most immediate implication of the analysis presented above is that since small farms manage to produce a very high output per acre without high levels of capital input use, their potential for improvement is the greatest. This is a strong economic argument both for land reforms and for directing more capital subsidiestowards small farms.
To further test whether productivity differentials existed for individual crops, we regressed the outputs per cropped acre for each of the seven major crops on the average farm size. That the value of the output per cropped acre is the same, but the value of the output per cultivated acre varies, implies that cropping intensity must vary across farm size ( Table 13 ). Secondly, the nascent entrepreneurial class of farmers does not appear to be emerging from amongst the middle range of farm sizes since their production behaviour seems to be the least efficient. Moreover, it is the largest farm sizes that appear to have the highest capital use. However, this is not to infer that all or even a significant proportion of the large farms have been transformed into capitalist farms since such an analysis would require at least some computation of profit and investment functions. Here we can only point out that our results imply only the beginnings of the growth of a capitalist class of farmers from amongst the largest farm owners.
Thirdly, since the largest farms, with the aid of very high horsepower capital equipment, only manage to produce only as much as the smallest labour-intensive farms, the rationale for capital intensity loses ground. Farm-level decisions about optimum production techniques must be taken on the basis of inputs valued at their actual shadow costs, and not at their subsidised costs. Accordingly, subsidies and tax relief on the import of heavy agricultural capital equipment must be removed and restricted to lighter varieties. Then only will a lower capital/output ratio in the agrarian sector become more compatible with the exigencies of a capital-poor country like Pakistan. farm sizes) and fertilizer are less significant and prone to regional variation. Institutional constraints, like tenancy and fragmentation, operate only against the smallest farmers, because larger farms are able to moderate the disincentivesagain through the more intensive use of capital.
So, a high level of input use per acre for both very small and very large farms, with their respective biases towards intensive labour and capital use, accounts for their higher output per acre relative to the middle range of farm sizes.
CONCLUSIONS
We can now sum up the results of our tests. A negative but insignificant correlation was found between output per cultivated acre and farm size. However, a more significant quadratic form provided a better explanation of productivity phenomena. The derived U-shaped curve entails that the smallest and largest farm sizeshave the highest land poductivities, while the middle farmers are relatively inefficient. The causality of this phenomenon, as determined by the production function exercise; seems to be that the middle farm sizes are using inefficient combinations of inputs that yield lower marginal productivities, specifically water management and current forms of expenditure in production.
The more interesting aspect of our results is that, given the constraints faced by the smallest subsistence-level farmers, these farmers manage to produce outputs per acre equivalent to, if not higher than, those obtained by the largest farmers. This is primarily due to the fact that the smaller farmers, out of a compulsion to maximise output per unit of land, maximise their use of the variable inputs in some casesup to and beyond the point where their marginal productivity becomes negative. Differentials in input use between the small and other farm sizes are more significant for land -capacity utilization, labour and bullock use. The largest farmers compensate for this primarily through the use of capital equipment and higher levels of current investment. Differences in the use of irrigation (except for the middle .t:> t:
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Appendix
